Structural failures such as collapses of bridges and buildings and geohazards caused by events such as landslides, ground subsidence and earthquakes are world-wide problems that often lead to significant economic and life losses. It is therefore important to carry out systematic research to better understand the underlying processes and manage the resulting problems. The symposium provided a forum for sharing latest research results, ideas and experiences in monitoring deformations of both natural phenomena and man-made structures. Presentations were organized in two keynote sessions and 24 technical sessions including topics such as monitoring concepts for static or dynamic deformations in local and regional geodynamics, structural health monitoring, geometrical modelling, automation of monitoring systems, warning and alert systems, innovative concepts for sensors and methods, applications in geotechnical and structural engineering, as well as the use of GNSS, terrestrial laser scanners and ground-based (GBSAR) or satellitebased interferometric radar (InSAR) for monitoring of engineering structures, landslides and land subsidence.
In this Special Issue 3-4 of the Journal of Applied Geodesy, Volume 6, some selected papers presented at the JISDM 2011 are published after a process of peer reviews and revisions. The contributions have been grouped into three main research fields where the first five papers are related to the theory of deformation monitoring and the use of GNSS, the next five papers to the topic of monitoring of oscillations and application of laser scanning, and the last three papers are oriented towards ground subsidence and mass movements. In the following, a brief overview and summary of the individual contributions is given.
The first contribution in this issue from Hans Neuner (Leibniz Universität Hannover, Germany) is entitled 'Model selection for system identification by means of artificial neural networks' and deals with a major task in modern deformation analysis, i.e. system identification for the underlying processes. If the physical structure of the monitoring object is unknown or not accessible the system identification is performed in a behavioral framework. Therein the relationships between input and output signals are formulated on the basis of regression models. Artificial neural networks (ANN) are a very flexible tool for modelling especially non-linear relationships between the input and the output measures. The universal approximation theorem ensures that every continuous relationship can be modelled. However, some structural aspects of the ANN-based models, like the number of hidden nodes or the number of data needed to obtain a good generalization, remain unspecified in the theorem. This fact causes a model selection problem. The paper describes the methodology of modelling the deformations of a lock occurring due to water level and temperature changes. The aspect of model selection is emphasized, by presenting and discussing the results of various approaches for the determination of the number of hidden nodes, such as an empirical motivated cross-validation, the saliency of weights method based on the exact computation of the Hessian matrix or based on the capacity concept of the model described by VCdim (Vapnik-Chervonenkis dimension) measure. The three methods are applied for the system identification of the lock and lead to a good agreement between the obtained results. The identified model structure consists of one hidden layer containing five nodes.
In the paper by Vasso Saltogianni and Stathis Stiros (University of Patras, Greece) with the title 'Adjustment of highly non-linear redundant systems of equations using a numerical, topology-based approach' a new method for the adjustment of systems of highly non-linear, redundant equations is described, where the equations f j are derived from observations of certain geophysical processes and geodetic data. The advantage of the alternative numericaltopological approach is that it is more robust and can be employed for highly non-linear, complicated systems which cannot be solved using conventional least squares. The new approach is inspired by lighthouse beacon navigation, usually used in 2-D, low-accuracy applications. In this approach, an n-dimensional grid G of points around the real solution (an n-dimensional vector) is first specified. Then, for each equation f j an uncertainty " j is assigned to the corresponding measurement l j , and the set A j G of the grid points which satisfy the condition jf j l j j < " j is detected. This process is repeated for all equations, and the common section A of the sets of grid points A j is defined. From this set of grid points, which define a space including the real solution, its center of weight is computed, which is an estimate of the system solution, and its variance-covariance matrix. An optimal solution can be obtained through optimization of the uncertainty " j in each observation. The efficiency of this novel process is assessed on the basis of the adjustment of a classical survey net containing observations of angles and distances by a comparison to conventional least squares adjustment. It could be shown that the approach overcomes the limitations of other solutions.
The paper 'Optimized Kalman filter versus rigorous method in deformation analysis' by Nezhla Aharizad, Halim Setan and Mengchan Lim (University of Technology Malaysia) deals with the use of Kalman filtering as an alternative method for deformation analysis. Within Kalman filtering the states are all the variables needed to completely describe the system behavior of the deformation process as a function of time (such as position, velocity etc.). The standard Kalman filter estimates the state vector where the measuring process can be described by a linear system, while, in order to process a non-linear system, an optimized Kalman filter is required. The main purpose of this research is to evaluate this optimized Kalman filter (OKF) versus the established iterative weighted similarity transformation (IWST) method. To satisfy this objective, first a detailed description on executing the proposed OKF method is provided. Then the IWST method is explained, including the point-related test (single point test) to detect deformations for every point and the S-transformation. In a practical example, 2-D total station observations of angles and distances are directly used to compare and evaluate the findings from OKF against the results from IWST method. In general, the outcome of Kalman filter algorithm is close to the preliminary results from IWST method. The maximum and minimum differences in the computed displacements are 0.0002 and 0.002 meters respectively. Finally, some properties of Kalman filter approaches are shown, which might be suitable for further studies in deformation analysis.
In the next paper entitled 'The application of coordinate similarity transformation model for stability analysis in high-precision GPS deformation monitoring network' the authors Jiming Guo, Mingduan Zhou, Chao Wang and Lianhui Mei (Wuhan University, China) investigate a new concept for application of coordinate similarity transformation for stability analysis for datum points applied in highprecision GPS deformation monitoring networks. The coordinate similarity transformation model is adopted to calculate transformation parameters for the station coordinates of two adjacent epochs. By comparing the transformed results and the network adjustment solutions, the station stability is estimated by computing a quantity called "threshold of station stability", which can easily be calculated and for which a statistical test based on variance ratio is adopted. To verify the feasibility and effectiveness of this method it is applied to stability analysis of three periods' datum points in an A-order GPS deformation monitoring network for a hydropower station. The analysis results show that the suggested method is feasible and effective. Compared with the traditional method, this method has the advantages of simple calculation regardless of the selection of the adjustment datum points and the unity of reference framework and epoch.
The contribution from Weiwei Li and Yunzhong Shen (Tongji University, Shanghai, China) is entitled 'Velocity estimation of GPS base stations considering the coloured noises'. Optimal velocity estimation of base stations relies on an optimal or at least realistic model for the different noises in GPS monitoring position series. In this paper at first the theoretical effects of periodic signals and different noises on velocity estimates are discussed. Then, in a numerical analysis, the effects of different types of noises on the velocity estimation for GPS monitoring position series of base stations in China are evaluated. The optimal noise composition and its stochastic model are estimated by using variance component estimation and w-test theory on the daily monitoring position series with removed common mode errors. The results indicate that the noise of daily monitoring position series consists of both white noise and flicker noise. As application, the realistic station velocities are computed with the associated noise stochastic model by using a 7-year GPS monitoring position series of 24 base stations in China. These results were compared with those obtained using the pure white noise model. It came out clearly that the root mean squared error of velocity derived from the realistic stochastic model is over 6 times larger than that derived from the pure white noise model. This indicates that the pure white model gets a too optimistic velocity estimate and therefore real-world tectonic motion trends can only be recovered from estimated velocities where a realistic noise stochastic model is applied.
Imrich Lipták and Alojz Kopáčik (Slovak University of Technology, Slovak Republic) contribute to this issue of the journal with their paper 'Spectral analysis of structural deformation -A case study'. Their topic deals with monitoring of deflections of building structures which are extremely sensitive to the influence of outdoor conditions such as wind, sunshine, changes in the temperature of a building's surroundings and the effect of a buildings own loading or the improper loading by another source. These phenomena significantly affect the static and dynamic characteristics of the structures, as well as their safety and functionality. Two building structures are investigated in their study, namely, a 64 m high desorbing tower with a cylindrical shape and a bridge with a steel structure with a span length of 231 m. The central aim of the paper is an analysis of the kinematic behavior of both structures using spectral analysis methods. The oscillation frequencies of the structures and their amplitudes were determined by the use of the Lomb-Scargle periodogram in the case of the desorbing tower and the Fast Fourier Transform (FFT) for the bridge. According to the resonance of the structure with its surroundings, vibrations and oscillations at relatively high frequency intervals (0.1-100.0 Hz) occur. By using a total station in a fully automated mode with a registration frequency of approximately 2 Hz in the first case study, the range and frequency of the desorbing tower's movement and the effect of the tower's operations and the weather conditions on this movement could be determined. In the second example, an analysis of the steel structure's vibrations by four accelerometers working at a 10 Hz frequency was sufficient for determining the significant frequencies of the structure's movement caused by changes in the traffic load and atmospheric conditions.
Vassilis Gikas (National Technical University of Athens, Greece) examines in his paper 'Ambient vibration monitoring of slender structures by microwave interferometer remote sensing' the use of ground-based microwave radar interferometry for the dynamic monitoring of large civil engineering structures. The paper first provides an overview of the method, its principles of operation with particular emphasis given on the IBIS-S system. Two areas of application are considered and the results of the analyses are presented and discussed. The first experimental study involves the monitoring of the dynamic response of a tall power plant chimney due to wind load while the second example examines the dynamic behavior of a long cablestayed bridge. In the later case, the focus is placed on the effects that individual traffic events impose on the vibration response of the main span of the bridge deck and the towers. Analysis of the results provides detailed displacement time-histories and the dominant frequencies observed at the top of the chimney and along the bridge deck as well as the top of the towers. Also, cross-comparisons and discussions with the results obtained at the same structures using different sensor configurations are provided. Data analysis confirmed the suitability, reliability and robustness of the IBIS-S system to perform dynamic tests of vertical structures and bridges, and revealed its potential and limitations against other deformation monitoring methods. Furthermore, useful conclusions that relate to the dynamic displacements and the oscillation frequencies of the two structures are drawn. Particularly, the results demonstrate that the ultra-high accuracy potential of the microwave interferometry method can successfully identify fine displacements of the various parts of the structures that could be attributed to appropriate modes of deflection.
The use of laser scanners for 3-D tunnel deformation monitoring is discussed in the paper 'A 3-d laser scanning system and scan data processing method for the monitoring of tunnel deformations' by Klaus Chemlina (Geodata Group, Austria), Josef Jansa (Vienna University of Technology, Austria), Gerd Hesina and Christoph Traxler (Center for Virtual Reality and Visualisation Research, Austria). A mobile multi-sensor system called Orthos Plus is developed and employed for the monitoring and mapping of tunnel walls; a scan data processing method for the evaluation of 3-D tunnel wall displacements from subsequent wall scans and, third, a Virtual Reality tool supporting the interpretation of the data. The measuring system consists of a terrestrial 3-D laser scanner, a motorized total station and a digital camera that are integrated on a light metal frame that is installed on a mobile platform. The opinion of the authors is that the laser scanning technology is already mature enough for this application with regard to the hardware and that also in scan data processing significant progress has been made recently. For displacement monitoring, however, a combination with observations from total stations is required. The system has been designed to perform tunnel measurements most efficiently and to meet the special requirements of tunnels under construction. The evaluation of 3-D displacements is based on a 3-D matching algorithm that takes advantage from the particular conditions of shotcrete tunnel surfaces. The Virtual Reality tool allows for the viewing of data in a 3-D Virtual Reality tunnel model and of their animation in time and space in order to support their understanding in an optimal way. With this system the tunnel wall can be mapped and its deformation monitored, especially at the critical area close to the tunnel face. In this way, laser scanning and conventional surveying with a total station are not competing but perfectly supplement each other.
Detection of systematic errors of terrestrial laser scanners is the topic of the paper of Jin Wang (Leibniz Universität Hannover, Germany), Hansjörg Kutterer (Bundesamt für Kartographie und Geodäsie, Germany), Xing Fang (Wuhan University, China) and Hans Neuner (Leibniz Universität Hannover, Germany) entitled 'On the detection of systematic errors in terrestrial laser scanning data' as quality descriptions are parts of the key features of geodetic data processing. Systematic errors have to be detected and avoided in order to ensure the high quality standards required by structural monitoring. In their study, the iterative closest point (ICP) method is utilized to detect systematic errors in overlapping surfaces, which are formed during the transformation of point clouds from laser scanner stations to a reference station. This is based on identifying of the surface in a data set and matching it to the overlapping surface in a reference model. A case study is investigated in which a dam surface in Germany was scanned by terrestrial laser scanning (TLS) technology. The problems associated with the ICP algorithm are categorized in two ways. The first is by describing the dam surface with the representing points. This method decreased the data volume and assured the overlapping area. The other way is by choosing proper initial values to guarantee correct convergence and save running time. The results indicated that with the conjugation of the ICP algorithm the accuracy of the observed data sets is improved by approximately 1.6 mm. Although the implementation of the ICP algorithm does reduce the systematic errors, 3.6 mm systematic errors still remained within the data sets. Future work will need to include the configuration and other information in order to detect and eliminate these remaining systematic errors.
The next paper from Jackey C. K. Chow, Axel Ebeling and William F. Teskey (University of Calgary, Canada) deals with deformation monitoring in indoor environments using terrestrial laser scanners (TLS). It is entitled 'Point-based and plane-based deformation monitoring of indoor environments using terrestrial laser scanners'. Traditionally, deformation monitoring via TLS offers the greatest flexibility for deformation analysis projects and is performed by measuring distinct signalized targets where their centroid must be determined with great accuracy for optimum detectability. In the paper a new least-squares cross-fitting target centroid extraction algorithm suitable for planar checkerboard-type targets is proposed. To ensure the optimum measurement accuracy, all systematic errors inherent to the instrument at the time of data acquisition need to be removed using selfcalibration of the scanner on-site. It is demonstrated that the accuracy of the recovered translational movements was improved by an order of magnitude from the millimeter level to the sub-millimeter level using this approach. Instead of using targets a new markerless deformation analysis technique that utilizes intersection points derived from planar-features is also proposed and tested. This new method is based on free-stationing and does not require a priori knowledge about stable control points or movement patterns and it can both detect and measure translational and rotational movements of the planes automatically with minimum human interaction. From a practical standpoint, only small modifications are required and the approach can easily be implemented. Also, a simple extension for describing the rotational movement pattern is been added to better label the nature of the deformation. The proposed method is applicable for indoor monitoring projects such as measuring deformations of ceilings and its effectiveness is studied through simulations and real datasets. A two epoch deformation analysis is carried out with one epoch captured by a phased-based panoramic-type scanner from Leica and the other epoch captured by a pulse-based hybrid-type scanner from Trimble. It is shown that this new method can measure translations better than a millimeter and rotations in the arc minute level when applied indoors.
Gyula Mentes, László Bányai, Gábor Újvári, Gábor Papp, Katalin Gribovszki and Virág Bereniké Bódis (Hungarian Academy of Science, Hungary) present in their paper entitled 'Recurring mass movements on the Danube's bank at Dunaszekcső (Hungary) observed by geodetic methods' a case study of monitoring a massive landslide on the bank of the Danube river by jointly deploying GPS, total station, leveling and borehole tiltmeter measurements. Five GPS stations and over 20 benchmarks were observed periodically at a frequency of about four times a year over the period of 2007-2011. Two dual-axis borehole tiltmeters were used to record continuously the tilt angles at two sites on the slope. Significant slope deformation was found before the occurrence of the landslide, indicating the possibility of detecting the precursor of a landslide by monitoring the deformation of the slope. Although similar findings have been seen previously, this study has further highlighted the importance of slope monitoring. The paper has also found that it is advantageous to jointly use geodetic (GPS, levelling and total station) measurements and tiltmeter measurements as the former can help to detect the extent of a landslide while the latter are useful in giving clues to the timing of the landslide as well as planning the repeat cycles of geodetic measurements. Although it was difficult to rigorously combine the geodetic and tiltmeter measurements in deformation analysis, it was found that the two types of measurements did reveal some similar patterns of slope deformation/movement.
The paper from Jicang Wu, Lina Zhang, Jie Chen and Tao Li (Tongji University, Shanghai, China) entitled 'Monitoring ground subsidence in Shanghai maglev area using two kinds of SAR data' deals with monitoring of ground subsidence along the high speed railway line from Pudong Airport to the center of Shanghai using SAR observations. The railway is 36 km long and the maglev train can reach a maximum speed of 403 km/h. It is therefore important to detect any small deformation along the railway line to ensure the safety of the train operation. 17 scenes of ALOS PALSAR data and 27 scenes of ASAR data covering the period of 2007-2010 were processed separately for each of the datasets with the small baseline subset (SBAS) algorithm. It was found from the study that the results from the two sets of data gave similar deformation patterns. There were no significant ground deformation along the railway line but about 20 mm/y deformation in some places near the line did occur.
The last contribution in this special issue is from Yongsheng Li, Jingfa Zhang and Yi Luo (China Earthquake Administration, China) and entitled 'Monitoring of surface deformation in Dangxiong using PSInSAR technique'. The authors investigated surface deformation in a 40 40 km area in Dangxiong-Yangbajing basin in Tibet, China caused by excessive use of geothermal energy in the form of hot water extraction from the ground. 23 Envisat ASAR images over 2006-2010 were processed using Persistent Scatterers InSAR (PSInSAR) algorithm for determining the ground deformation. The results show that the center of the basin was relatively stable with subsidence rate being about 1-2 mm/yr while the surface subsidence rates near the water pumping wells reached to about 8 mm/yr.
The papers collected in this special issue showcase some recent advances in research in novel sensors, techniques and methodology for deformation monitoring. Various case studies have also been presented to demonstrate new appli-cations and to validate some recent research results. We are confident that much more advancements in developing new sensors and technologies, multi-sensor integration, and interdisciplinary collaboration for deformation monitoring research will be seen in the coming years. These advancements will bring great research opportunities and excitement to researchers and practitioners working in this field and will in the same time make our living environment safer and more pleasant.
We hope that you find these papers interesting and wish you much success in your research in the field of deformation monitoring and engineering geodesy. You can also find details on the other papers of the Symposium at the official website of the Symposium, http://dma.lsgi. polyu.edu.hk.
We are pleased to let you know that the next Joint International Symposium on Deformation Monitoring (JISDM 2013) will be held on September 9-11, 2013 at the University of Nottingham, UK. More details about the Symposium can be found at www.nottingham.ac.uk/Engineering/ conference/jisdm/. We hope to see you all there next year.
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